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ABSTRACT
Analysis of cDNA clones, isolated from a human fetal brain cDNA library, that hybridized with the rat HNF-
3 alpha fork head homolog domain revealed the 3.6-kb HFKL5 cDNA. The transcript of HFKL5 is 4.4 kb
long and represents a novel member of the UNF-3/fork head transcription factor family. Comparison of the
amino acid sequence of the fork head domain reveals a relatively low level of homology to other members of
this family of genes, the closest related sequence being rat HFH7 with 68% homology. The HFKL5 cDNA
codes for a putative 500-amino-acid protein. Southern analysis revealed that the HFKL5 gene homolog is pre-
sent as a single copy in the human genome. Zoo Southern analysis showed strong evolutionary conservation
of HFKL5 among mammalian and possibly avian species. Expression of HFKL5 in neurons is restricted to
the fully differentiated neurons in fetal and adult brain as well as in the parasympathic ganglia of the small
intestine. We also observed expression in lymphocytes, kidney tubule cells, and a subset of hepatocytes. The
HFKL5 gene homolog was mapped to chromosome 22ql3-qter by cell panel hybridization.
INTRODUCTION
TRANSCRIPTION FACTORS REGULATE GENE EXPRESSION throughthe binding to specific DNA sequences or sets of se-
quences. Eukaryotic transcription factors can be divided into
several classes according to their binding motifs. These include
the helix-turn-helix, homeodomain, zinc finger (Pabo and
Sauer, 1992), and the HNF-3/fork head domains. Members of
the HNF-3/fork head gene family share an approximately 110-
amino-acid conserved DNA-binding domain. HïiF-3/fork head-
related genes have been shown over the past few years to play
an important role in the development of organisms—the HNF-
3 proteins in rat and mouse (Lai et al, 1990; Qian and Costa,
1995),/orÁ: head in Drosophila (Hacker et al, 1992), and HBF1
and -2 in humans (Murphy et al, 1994; Wiese et al, 1995).
The HNF-3//or£ head genes expressed in various organs and in
several developmental stages. For example, the fork head pro-
tein is involved in the terminal development of the Drosophila
embryo (Weigel et al, 1989) and the first mammalian genes
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described, HNF-3 alpha, beta, and gamma, regulate the tran-
scription of the liver transthyretin gene (Qian and Costa, 1995).
We have isolated several cDNAs from a human fetal brain
expression library. Here we show expression pattern, chromo-
somal localization, and in situ hybridization pattern of the hu-
man/or/: head-like 5 gene (HFKL5). The fork head domain of
HFKL5 is quite divergent when compared to other members of
the family, suggesting a different target sequence to those pre-
viously described (Kaufmann et al, 1994). HFKL5 is expressed
in fully differentiated neuronal cells as well as in a number of
other differentiated cell types in various tissues.
MATERIAL AND METHODS
Isolation and sequencing of the cDNA HFKL5
Screening of 2 X 105 recombinant phages of a human em-
bryonic brain cDNA library with reverse transcription poly-
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merase chain reaction (RT-PCR) (Kogan et al, 1987), gene-
rated fork head region of HNF3 alpha as a probe revealed six
cDNAs including that of HFKL5. Sequencing was carried us-
ing the dideoxy chain-termination method (Sanger et al, 1977)
on double-stranded templates. The sequence was determined on
both strands with subclones and sequence-specific primers us-
ing the Sequenase system (United States Biochemical). Highly
repetitive sequences and GC-rich sequences were sequenced ac-
cording to the protocol for DyeDeoxy Terminator Cycle Se-
quencing (Applied Biosystems).
DNA analysis
DNA was isolated from whole tissues or fresh blood by the
usual methods. The genomic DNA was restricted and separated
on an agarose gel. The gel was blotted to a nylon membrane
and hybridized at 65°C for 16 hr. Filter washes were carried
out at hybridization temperature for 15 min in 2 X SSC and for
1 min in 0.2 X SSC. Low-stringency washes were carried out
two times in 2 X SSC for 15 min each at the hybridization tem-
perature. The filters were exposed to a X-ray film for up to 14
days.
Chromosomal localization
Thirteen mouse-human and six hamster-human somatic cell
hybrids derived from the fusion of human fibroblasts or leuko-
cytes with either mouse- or hamster-established cell lines were
used to determine the cftromosomal localization of the human
HFKL5 gene. DNA extraction from the somatic cell hybrids,
digestion with Eco RI, electrophoresis, and transfer to a nylon
membrane were carried out as described previously (Szpirer et
al, 1984). The membranes were hybridized with a 32P-labeled
1.0-kb Pst l-Eco RI fragment (see Fig. 1). Washing conditions
were the same used for DNA analysis.
RNA analysis
RNA was isolated from various human tissues by the acid
guanidinium fhiocyanate/phenol-chloroform extraction method
(Chomczynski and Sacchi, 1987). Total RNA was separated on
1.5% formaldehyde agarose gels and transferred to nitrocellu-
lose membranes. Hybridization was carried out at 65°C for
18-24 hr. The high-stringency wash was performed in 0.2 X
SSC, 0.1% NaDodS04 at 65°C for 15 min. The blot was ex-
posed to X-ray film for up to 14 days.
In situ hybridization
The tissues were fixed in phosphate-buffered saline (PBS)
containing 4% paraformaldehyde at 4°C for 16 hr followed by
paraffin embedding. Sections (8-10 pm) were dewaxed in xy-
lene and then processed as described previously for nonisotopic
in situ hybridization (Wilkinson, 1992). Immunostaining was
carried out using a standard peroxidase antiperoxidase (PAP)
protocol. The sections were counterstained with "Kernechtrot."
RESULTS
Isolation and sequencing of HFKL5
Screening of a human fetal brain cDNA library with a probe
containing the fork head domain of NHF-3 alpha (Lai et al,
1990) revealed six different clones, including that of HFKL5.
The cDNA has a length of 3.6 kb. Southern hybridization with
a 1.0-kb Pst l-Eco RI fragment (Fig. 1) suggests that this gene
is a single-copy gene (data not shown). Sequence analysis re-
vealed an open reading frame from nucleotides 2,054 to 3,555
coding for a putative protein of 500 amino acids (Fig. 2). We
proved the putative open reading frame by in vitro transcrip-
tion and translation and found a signal at approximately 55 kD
(as expected for the putative HFKL5 protein). The putative
translation start at position 2,054 could be identified as a start
codon according to Kozak (1989). The cDNA sequence would
appear to lack part of the 3' untranslated region because we
could not obtain a poly(A) tail or a poly(A) signal within the
cDNA. Comparison of the cDNA with the sequences of the
EMBL Databank (Heidelberg) found no strong homology to
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FIG. 1. Restriction map of HFKL5 cDNA. The open reading frame is indicated. Fragments used for Southern and Northern
hybridization experiments are given below.
HUMAN HNF-3/F0RK HEAD EXPRESSION 167
GAATTCCTAGACTCCCGAGTCTTGGAATCTTAGAATTACAGGGTCGCAGGATCGCAGGAT 60
CGCATTCTTTAGATTTATGGAATCACGTTAGCCCCGTCGTCCAGAATTTAAAATCTAGAT 120
ATCTGAATCTCAGAATCTTGAAAGTTACTGAGAGCCACGAAATCCCGTATTAAAAGGTGC 180
CTATAATATAATCCAGTTAAAAATTTTAAAATTTGAAGTTTTTCCTCCTTTGTAAAAACG 240
AAACAGACGAAATCTGGGCGTTTTGCTTCTCCATTACTTGGGAAGAAGGAAACCAGGAGT 300
TTTGTTTAGCGAGTGTAAAGCCCCTCTCCCTTCGTTCGACCAACCCTCTACCGCAGAAGG 360
TTGTCAAGCAAAGCCTTTGAGCGTTTCCACACACCGGGTCGACGGAGCAAGGATCTGGGC 42 0
TTTGCTCGCTCTTCCGAAGCAGCTGCCAACGCTTGGCCGGGCTTAGCTGCCCTCAGCTCA 480
CCGCCACGAAGAACGCGACTAAAACCCTCCAAGCATGCCACCCGTTACCGGCCAGAACCT 540
CTCGTCTTGGGATCTCCCACACTCACCTGGCACCACCCTCCCGCTCTCACCCACAGCCCC 600
GCCCGCCCCCCCCCCCCCACACCGGAAAGCTGCGTCCGGGCTGGAGCACTGGAACCCGCG 660
CCAAGGGGGGAATCCTATGCGTCAGGGGCCTCGGAGATCAGCACACGCCCACCAGCTATT 720
TAACAGAGTAGAACCCTGAGGCCCTGCGAGGGGACAAGGACAGGCCCTGGATCTCCCAGT 780
GAATGGCCAGGGAACGAACCCGGCGAGAGGGGCGCGCGCAGGATCTCAGGTTAAGGACCA 840
AGTTCCGGCTCAGGGACAGCAGGAAAGGAACTCAGAAATTGGACACCATGAAGCAAACGT 900
GTGTCCCGACTGCCCCCCCCTTCCCCCGGAGACGCCCACCCGGCCACCGTTCTCTTCCCA 960
CTCCCCCATTACCCACAGCCCTCACTCCCCTGCGGAAGGGGTGCTTGGCTGCCTCTGGGG 1020
GCTTCAGAGCTACCCTGGTCCCGGGGGATTGGAGGAGGAGGTTACCTCTCCTGCGTCGTT 1080CTTTCAATCCGTGCACCACTATCCATCAAATAGAGACAGATCCTGGGCCTCTCAAAGACG 1140
GATGATTGGGGGTGGTGATTGGCCTATCCCTAAATATCTACCACGCAAGGACTCTTGAGA 1200
GATCCAGACCCCGGTACAGTCGAGGGACCTGGGGCCCAAAAAGSGGAAAGCGGCTACCTC 12 60
TTACCACACAGTTGGGAAGCGCAGTCCTAAAGGAGACGCAGGTTGGAGACTCCGCTAAGC 1320
GGAGAAGCCGCAGTGGGGCCATGGAAAGTCACCTTCCCTTTCGGTTCTAGGAATTACTCA 1380
TTCGAAAGATGGGGGGACTGGAGTGCCGAGTGGCTGTGGCAGCCACGATTGGGGTTTGGA 1440
AACCATCCTGAAAGGCCCGGGGAGCCAGTCTCCTGGAACTTCTCCCTCCCTATTCCCACA 15C0
AAAACCAAGCGCCCTCTCGGCCAATTCTCACCCTCTCAGGACAAAAAAGTGAGATGAGCC 1560
CGTCCTTTCACCTGCGATCCAAGCCCTTGGCAGAGGCCTGAAAAGTCCGAAAACTCCGAG 1620
TTCGGGCGGTGAGGTCTCCCGAGCCGGTTCCTGAACTCTCCGGGCCTCAGTCGATCGGGG 1680
TGGGACCCCCCCCCCCCCGCCCATCTCCAAGCGCCCTCCCCACCCTGACGTTGTGGGGCT 17 40
CCTACCGGGCGCCACAGCTGCTCCTACCTGGGGAGGTGCGCCGGGCCCCAGGGGGGCGGA 1800
CAAGTCGGGGGGCGGGCAGGGAACCGGTTCCGCCCCACGCTTCGTGTGCCCCTTTAAGGA 1860
GGGGAAGCCGGCCGAGGGAGGAGCCGGTCCAGTGTGTGCAGGGGAGCGCCTCGCCAGCGG 1920
TCCGCGGGGCTGGAGACCACGCCGTGGAGAGGACCAGCCTCAGGTCGCCCCGCCTGGGGC 1980
CGGGTCCCACCTCACTGCCCCGCCTCGCCTCTCTGCCCGTGGCGTTACCGCCACCTTGCC 2040
tcgggggcagggcatgggcggccccgccagatcgcccagcgccagtactaactgcctgct 2100
mggparspsastncll 16
ctgccttcgagccccgaagcctcttctgcgcgcgcacaacctaggcagtaatcctaaact 2160
clrapkpllrahnlgsnpkl 36
agcgggcaccacagaccagctgcagccaccccaacccagggatcacttccggacccctcg 2220
agttdqlqppqpbdhfrtpr 56
accgcccggcaccagcgcgcaagggacccttcagccggagaccagagtccag'tccggtcg 2280
ppgtsaqgtlqpetrvqsgr 76
CGAGGCCACCGCGCTGCCCGCCTCGAGAAGCACAACGCGGGCTGAGCCGTCGGCTAGCGG 2 340
EATALPASRSTTRAEPSASG 96
GTCACTCCCGAGCCTCTGTCTGCACCGCGCCAGCCCCAGACCACGGACGCTGAGCCTCCA 2400
SLPSLCLHRASPRPRTLSLQ 116
GCGCGCGCCAGCCTGGGCCGCTGGGCTCTCCGGGACAGCCCGTGACGATCCCCTGAGCTC 2460
RAPAWAAGLSGTARDDPLSS 136
TCCGCAGAAGGGCCGAGCGTCCGTTCCGGGGACGCCAGGCCCGCCCCCGCCCCCCGACAG 2S20
PQKGRASVPGTPGPPPPPDS 156
CGTGGGGATCCAGAGCCCGGGGGTGTGGGACGCCCGCGCCATGACTGTCGAGAGGGCCGT 2580
VGIQSPGVWDARAMTV E R A V 176
CGTCGCGAAGCCGGAGGTGTGGTACCGTGAAGGAAGAGCGGGCGCGCCAGCGCCCCCTGC 2640
VAKPEVWYREGRAGAPAPPA 196
AGCGCGGAAGCCGCCCTACAGCTACATTCGGCGTCATGCCATGGCCATCGGCAGCCCGAG 2700
ARKPPYSYIRRHAMAIGSPR 216
GCTCACGCTGGGCGGCATCTACAAGTTCATCACCGAGGGCTTCCCCTTCTACCCGGACAA 2760
LTLGGIYKFITEGFPFYPDN 2 36
CCCCAAAAAGTGGCAGAACAGCATCCGCCACAACCTCACAATCAACGACTGCTTCCTCAA 2820
PKKWQNSIRHNLTINDCFLK 2 56
GATCCCGCGCGAGGCCGGCCGCCGCCGTAAGGGCAACTACTGGGCGCTCGACCCCAACGC 2880
IPREAGRRRKGNYWALDPHA 2 76
GGAGGACATGTTCGAGAGCGGCAGCTTCCTGCGCCGCCGCAAGGCTTCAAGCGTCGGACT 2940
EDHFESGSFLRRRKASSVGL 296
CTCCACCTACCCGGCTTACATGCAGGACGCGGCGGCTGCCGCCGCCGCCGCCGCCGCCGC 3000
S T Y P A YHQDAAAAAAAAAAA 316
CGCCATCTTCCCAGGGGCGGTCCCGCCGCGCGCCCCCCCTAACAGGGCTCCGTCTATTCA 3060
AIFPGAVPPRAPPNRAPSIQ 336
GGCTAAGCGCGCCGCCGTCGCTGGCCGCCCGCCTCATCTACTACCCGCGGAGTCGCCCGG 3120
AKRAAVAGRPPHLLPAESPG 356
CCATTTCCGCGTCTTCGGCCTGGTTCCTGAGCGGCCGCTCAAGCAAGAATTGGGGCCCGC 3180
HFRVFGLVPERPLKÇjELGPA 376
ACCGTGGGGGCCCGGCGGCTCTTTCGCCTTTTCCTCCGATGGCGCCCCCGCTACCACCAA 32 40
PWGPGGSFAFSSDGAPATTN 396
CGGCTACCAACCACGACAGGCTTCACCGGGACCCGTCCGGCCAACCCCCTCCTATGCGGC 3300
GYQPRQASPGPVRPTPSYAA 416
TGCCTACGCGGGCCCCGACGGAAGTACCCCCAGGGAGAAGGCAGTGCGATACTTTGCCGA 3360
AYAGPDGSTPREKAVRYFAD 436
TGCTGGGCGGGTCGGGGGCACCCCTTGCCCCCAGCGGGCGGCAGCAGTGGCGGGTGGAGA 342 0
AGRVGGTPCPQRAAAVAGGD 456
CCACGGTGGACTTCTACGGCGCACGTCGCCCGGCCAGTTCGGAGCGCTGGAGCCTGCTAC 3480
HGGLLRRTSPGQFGALEPAT 476
AACTGGCGGGCAGCTCGGAGGGCCAGTGCAGGCGCCTACCATGCTCGCCATGCTGCCGCT 3540
TGGQLGGPVQAPTMLAHLPL 496
TATCCCGGTGGGATAGATCGGTTCGAGGGAATTC 3574
I P V G * 500
FIG. 2. Nucleotide sequence of the HFKL5 cDNA. The pro-
tein sequence of the putative open reading frame is shown be-
low. The fork head domain is underlined.
any known fork head-related sequence when using the total
cDNA sequence. The highest homology was observed to the
fork head domain of rat HFH7 (Pierrou et al., 1994), which
shows a 68% homology on the nucleotide and amino acid level.
DNA and RNA analysis and chromosomal localization
We used the 1.0-kb Pst l-Eco RI fragment indicated in Fig.
1, including part of the fork head domain sequence of HFKL5,
as a probe for a DNA zoo Wot with different species (Fig. 3).
Hybridization signals under low-stringency conditions were ob-
served in all mammalian and avian species tested. However, we
found no signal when using total DNA from Xenopus or
Drosophila (data not shown).
The hybridization signals observed in Northern analysis of
total RNA using the 1.0-kb Pst VEco RI fragment as a probe
yield a signal of 4.4 kb (Fig. 4). We also tested a 5' Pst l-Eco
RI and a 0.5-kb Pst I fragment (Fig. 1) in Northern analyses
and obtained the same results for these probes (data not shown).
A signal was obtained in all fetal and adult human tissues tested.
The filters were reprobed with a-actin (Hanauer et al., 1983).
Chromosomal localization was carried out with DNA from
mouse-human and hamster-human cell hybrid panels. The sig-
nals we obtained showed localization of the HFKL5 gene to
chromosome 22ql3-qter (Table 1).
In situ hybridization
In situ hybridization with sections of human fetal brain (20th
week of gestation) and adult brain was carried out using an an-
tisense probe of the 1.0-kb Pst l-Eco RI fragment (Fig. 1). Ex-
pression was found in differentiated cortical neurons of the fe-
tal brain (Fig. 5C) and in cortical neurons and neurons of the
dentate gyrus in adult brain (Fig. 5A). No expression could be
obtained in undifferentiated neurons (periventricular matrix re-
gion, Fig. 5E) of the fetal brain or in glial cells. Expression
FIG. 3. Zoo blot with 10 /¿g of Hind Ill-digested total DNA
from blackbird, goat, pig, mouse, mandrill, and human. Signals
were detected in all lanes. We also tested Hind Ill-digested to-
tal DNA from Xenopus and Drosophila, but observed no hy-
bridization signal.
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FIG. 4. Northern analysis with total RNA from human fetal and adult tissues hybridized with the DNA probe 1.0-kb Pst UEco
RI. Total RNA from fetal lung, brain, and liver and adult lung, kidney, testis, spleen, pancreas, cortex, lymphocytes, intestine,
uterus, ovary, placenta, and liver was tested. The same blots were reprobed with a-actin (Hanauer et al, 1983).
Table 1. Chromosomal Localization of HFKL5 by Cell Panel Hybridization
Human chromosomes
1 2 3 4 5 6 7 |8 |9 |10 11 12 |13 |14 15 16 17118 19 20 |21 |22 X Y Ihyb.
Control
MS2B82 to (+)
RaqAnlyl (+)
RagP17-2 (+) (+) (+)
RagPl5-15 (+) (+) (+)
Rag 194-7 ( )
Rag 194-5-5
RagGQ4 (+) (+)
Rag3-1-2-3
A9SU1-2
v/)hy3-2 (+) (+)
v/)hy3-3 (+)
hamster
GM89A9-)c-7
MS58A9-2b
Rag8-13-3
mouse
Wegroth D2 chromosome 22 only
A3EW2-3B Ewing 22q12 > gter
1/22AM-27 22pter-q13
X/22-33-11TG 22q11 -gter X
Hybridization signals revealed localization of HFKL5 on chromosome 22q 13-qter. Human chromosomes of the different cell
hybrids are given. Symbols: +, 75-55% of metaphases containing this human chromosome; (+), 55^M)% of metaphases
containing this human chromosome; », less than 40% of metaphases containing this human chromosome; (•), less than 20% of
metaphases containing this human chromosome; y, presence of a hybridization signal given in the column "hyb.".
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FIG. 5. In situ hybridization
with sections ofhuman fetal brain
(20th week of gestation) and
adult brain using an antisense
probe of the Pst l-Eco RI frag-
ment (Fig. 1). Expression was
found in differentiated cortical
neurons of the fetal brain (Fig.
5C) and in cortical neurons and
neurons of the dentate gyrus in
adult brain (Fig. 5A). No expres-
sion could be obtained in undif-
ferentiated neurons (periventricu-
lar matrix region, Fig. 5E) of the
fetal brain. Fig. 5B,D,F. No hy-
bridization signals were obtained
using the sense probe.
FIG. 6. In situ hybridization
with thin sections of human he-
patic (A), lymphatic (B), renal(C), and parasympathetic neu-
ronal tissue of the intestine (D)
using an antisense probe of the
Pst l-Eco RI fragment (Fig. 1).
Expression could be seen in the
intramural intestinal ganglion
cells (D, open arrowheads), some
but not all hepatocytes (A, ar-
rows), lymphocytes that could
not be further characterized as B
or T cells by immunostaining,
and in the kidney tubule cells (C,
open arrowheads). The Kupffer
cells (A, open arrowheads) were
counterstained by standard PAP
protocol.
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could also be seen in the intramural intestinal ganglion cells,
some but not all hepatocytes, lymphocytes that could not be
further characterized as B or T cells by immunostaining, and
kidney tubule cells (Fig. 6).
DISCUSSION
HFKL5 is a member of the HNF3/fork head transcription
factor family (Kaufmann et al, 1994) that is expressed in var-
ious human and fetal tissues. Sequence analysis of the entire
cDNA revealed no particularly strong homology to any of the
other members of this family of genes (the highest level of ho-
mology observed was 68% to thefork head domain of the HFH7
gene; Pierrou et al, 1994). Thus, HFKL5 would appear to rep-
resent a new subclass of HNF3/fork head genes (Murphy et al,
1994). Furthermore, both domains II and III, which are present
in the HNF-3 genes (Lai et al, 1990; Hacker et al, 1992) and
several other members of the fork head gene family, are absent
in the deduced amino acid sequence. These domains are thought
to play an important role in the transcriptional activity of the
protein (Pani et al, 1992). The ubiquitous expression of HFKL5
observed in Northern analyses first led us to believe that HFKL5
may have a so-called "housekeeping" function. In situ hy-
bridization analyses revealed a cell type-specific expression for
HFKL5 in all tissues shown in Figs. 5 and 6. Expression of the
gene was observed in both fully differentiated fetal and adult
neurons. However, no expression was observed in undifferen-
tiated neurons, such as those in the periventricular matrix (see
Fig. 5C). Expression could also be observed in neuron-derived
cells in various tissues, such as the parasympathic ganglia of
the intestine (see Fig. 5D). The only other cell types found to
express HFKL5 are a subset of hepatocytes, lymphatic tissue
cells, and kidney tubule cells. Such a pattern of expression is
in sharp contrast to the expression pattern of two previously de-
scribed members of the HNF3/fork head family, namely human
brain factors 1 and 2 (HBF-1, HBF-2; Murphy et al, 1994;
Wiese et al, 1995). These genes, clustered on chromosome
14ql3, are primarily expressed in the proliferating and differ-
entiating neurons of the developing telencephalon, with much
lower expression being observed in the adult brain.
The putative HFKL5 protein reveals a conserved area within
the fork head domain that is responsible for nuclear localiza-
tion (Qian and Costa, 1995). This carboxy-terminal nuclear lo-
calization signal (NLS) appears to be less conserved (285-
LRRRKASSV-294) in the last four amino acids. The first three
amino acids (LRR) are also involved in the base-specific con-
tact in the minor groove of the DNA (Clark et al, 1993). This
may raise the question of whether the carboxy-terminal pro-
posed NLS is, in this case, only responsible for the minor groove
contact (Richardson et al, 1986; Dingwall and Laskey, 1991).
The role of HFKL5 during embryogenesis and its function in
adult tissue may be revealed by homologous recombination of
the HFKL5 gene in the mouse.
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